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Avoidance manoeuvre reaction threshold IMS &» @Sda

A Requires a management decision
A Trade ignored/accepted risk vs. risk reduction ESA-DRAMA
A Estimate cost i.e. manoeuvre frequency for selected reaction e ;
threshold : 4
A Depends on orbit uncertainties of the secondary (chasing) DEBRIS RISK ASSESSMENT
. AND MITICATION ANALYSIS
objects
A ESA6s ARES tool, part tfs/ DsEusbNACeSSWt sSui t e, \ ’
A Need consistent setup of operational and analysis approach (SC area) " a o
A Typical managerial target function:
A avoid 90% of the accumulated collision probability ARES
A Typical result: Assessment of Risk
A Threshold of 10 -4 one day to TCA using encircling sphere Event Statistics
. . https://sdup.esoc.esa.int
A for 90% risk reduction at cost of 1 -3 manoeuvres per year
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Operational process - drivers 'IMS \\\&\i—'esa

A CDM information for enlarged screening volumes used as baseline
A CDM superior to TLE in accuracy and its knowledge
A Automation of CDM processing due large number of CDMs

A Including combined/mixed processing using OO information on target and
JSpOCCDM i nf or mati on o nCacthad soegru e(of) Mi n i

A Interface to mission control teams streamlined
A Simplifying data provision and interpretation
A Providing concise status display to missions

A Internal coordination within collision avoidance support team simplified with
help of a conjunction management tool and manoeuvre monitoring system

A Overall driver: support of task automation thereby reducing process risk
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Collision avoidance process IMISE

Space Consultancy

automated

Automated
retrieval

>

Target orbits RS oMiniCat 0
& covariance monitoring

!

CORAM

1

Ainnoe bBewoab = Jejos

Chaser
. . orbits &
SCARF/Visualisation covariance
Orbit
tracks \
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Risk assessment and manoeuvre planning 'IMS &E—esa

Collection of Algorithms for collision risk el
assessment among two objects ( CORCOS):

A Alfriend Akella

012

01

Manoeuvre Size [m/s]

- _p. L -" - . o -
A Maximum Probability o Slirreeerts
Bs 2= 83 23 a8 &3 83 82 8% 23 8% 88
A . . gﬁ gﬁé g‘s‘ g's gé g:é gé gé g‘s gz‘. gﬁ g‘z;
Covariance scaling R : % 3 8§ § 8 8 &8 &8 &8
Manoeuvre Time
[—= STRATO1-6_ = STRAT01-8 —e— STRATO1-10

A Algorithms for low delta  -v approaches
A Non -spherical objects
A Monte -Carlo

Support of manoeuvre planning ( CAMOS )

A Minimising risk or maximising (radial)
separation at TCA

A Varying size, direction, epoch

A Constraints (bounds, fixed, free)

A Parametric or evaluation mode

A Trajectory parameters (latitude/longitude,
eclipses, SAA crossing)
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SCARF i Collision Avoidance Web

Web -frontend to
CDM/Event database

A Mission dashboard view
A Sortable event list
A Escalated events

A Switch between
screening options

A Last update times
A Informative charts
A Event view
A Analyst view
A Actively development
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SCARF  Dashboard  EventView

Mission: Sentinel 1A =

Highest Collision Probability

2.454¢73

Closest Encounter

’l

Cumulative Risk

Events

TCA -~ ‘ EventID

2018-09-13 04730 07
2018-09-13 04:32:24
2018-09-13 04:39:34
2018-09-13 06:08:51
2018-09-13 06:11:09
2018-09-13 06:18:30
2018-09-13 07:47:35
2018-09-13 07:49:54
2018-09-13 09:26:19
2018-09-13 09:28:39
2018-09-13 11:05:03
2018-09-13 11:07:24
2018-09-13 12:43:47
2018-09-13 12:46:09

2018-09-13 13:14:46

203994

20’
203989
203991
203998
204004
204026
204027
204032
204033
204038
204039
204048
204049

204052

Probability

1.000e-30
1.000e-30
1.000e-30
1.000e-30
1.000e-30
1.000e-30
1.000e-30
1.000e-30
1.000e-30
1.000e-30
1.000e-30
1.000e-30
1.000e-30
1.000e-30

1.000e-30

Number of Foreseen Events

2.596e7 |||

¢ Distance (m) s

32379.07
32701.42
25235.85
27613.82
3276239
3928855
22634.46
32813.80
17372.43
33100.40
12005.02
3332040

6945.07
33393.91

3852278

-Frontend IMS &:—

310.26 m

R(m) ¢
578.19
1475.02
759.80
63966
1560.38
121932
61091
148353
49531
1500.16
548.00
1684.41
861.17
177756

80369

143

4687.12
9967.81
9861.65
401934
10011.40
1837175
331284
10054.23
2566.48
10167.84
1775.19
10259.33
1029.46
1030733

7176
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Documentation & presentation

Thursday, September 13th 2018, 13:14:16 UTC

Closest Radial Encounter Escalated Events

TCA

Collision Probability

Miss Distance
1017 m Radial Distance

Screening Type
Foreseen Events above Risk Threshold

Previously Escalated Events

Manoguvre Screening
Risk Threshold: 1e-5

Last Update Times.
JSPOC

N (m) 4 Chaser < MiniCat

3203281  ridium 33 fragmentation de. R e

3111029 UNKNOWN

MiniCat - No Manoeuvre

2321678 UNKNOWN
2731225  Iridium 33 fragmentation de. Download COLA Report
3115624 UNKNOWN
35136.03  UNKNOWN
2238237  Irdium 33 fragmentation de.
3120027  UNKNOWN
17176.16  Iridium 33 fragmentation de.
3146428 UNKNOWN

11860.40  Irdium 33 fragmentation de.
3165688  UNKNOWN

683645 Irdium 33 fragmentation de.
3171360 UNKNOWN

3851433 Pegasus fourth stage (HAPS).
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2018-09-15 11:35:58
1.486e-7

334835m

60.70m

| Manocuvre |

v

2018-09-13 08:51:01
2018-09-13 08:51:01
2018-09-13 03:21:01

2018-09-13 08:51:01
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Conjunction visualisation IMS
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A Web -based 3D dynamic P—

Conjunction Encounters

visualisation of close ety i - S —

o COLLISION_PROBABILITY METHOD KLINKRAD
. CDM: 36508 MAX_COLLISION_PROBABILITY 0.0002982
approaches. Earth, 3508 [CRIOSAT ) - 6735 [FENGIINC DEB] T Ty

RELATIVE_SPEED 1910 m/s

trajectories, covariance | o eeeen

SCREEN_ENTRY_TIME

el lipsoids, —

STOP_SCREEN_PERIOD

.5503

A Interactive control of
camera position, view e ™
angle, time,

CD_AREA_OVER_MASS
0010539 m*3/kg

CR_AREA_OVER_MASS
©0.00755 m**2/kg

SEDR
0.0000846139 W/kg

HRUST_ACCELERATION
om/fsta

2015-01-17T06:08:22+0p:00

08:18 08:19 08:20 08:21 08:22 08:23 08:24 08:25 08:26 08:27
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Manoeuvre Monitoring System IMISE
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2016-10 2016-11 2016-12

A Process control and tasks 3043 42 43] 24| a5 |46 | 47 [ 48] 42| 50 31 |32 | 1

* Manpeuvre screening

“g Manoeuvre screening

allocation system §l Manoeuvre +1252: CRY 2016-10-20

ki Mano=suvre #1238: S1A 2016-10-12 Post{manpeuvie screening 60056

A ~ t : k t N nJ cepyre ¥ Sx\/smlznls 0-20
n I C e O p e r m a' | Qoeﬁre I.'iSE S2A 2015e0 ig

ki Manoeuvre #1235: 51B 2016-10-12

A ASSlgnee management k] Manoeuvre #1255: S1B 2016-10-20

| Manosuvre #1253 RE constellation manoeuvres ..

sre scnzening 608

k| Manoeuvre #1119; CL-1 2016-11-11

A Status transitions e e
A Views: e o 2 e t1 e

A Status filter

A Gantt

A Calendar

A Wiki (procedures)

A Redmine -based
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